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CHAPTER -1 
INTRODUCTION 
d 
illSTORlCAL BACK6E0UND 
Introduction and historical background 
All the materials are characterized for their structural and transport 
properties. As these properties provides an insight into the materials. Transition 
metal oxides (TMO) with the perovskite structure have a long history of research 
and have been known as materials with a variety of interesting properties. It was 
about a decade ago that the high-temperature high Tc superconducting cuprates 
with layered perovskite structure were discovered[l]. This was the first renewal of 
interest in the perovskite TMO which has produced advances in the control of the 
related materials and contributed to deeper understanding of their basic properties. 
The second renewal was brought in by the important recent activities mainly on 
perovskite manganites. Colossal magnetoresistance (CMR), structural and 
transport properties etc. are some examples of recent dramatic discoveries. The 
existence of metal-insulator transition (MIT) in lanthanum-based manganites was 
established in early 1950[1,2], and was extensively studied thereafter. 
These manganites have a general chemical formula R,.xDxMn03(where R is 
a rare earth and D is a cation). Rare earth occupies the A-site of the ABO3 
structure while B site is occupied by Mn ions (Fig 1.1).In the physics of oxides the 
main point is the state of transition metal ion that along with oxygen forms the 
electrically and magnetically active network. The two transition metal oxides 
(TMO) can be differentiated by their charge and spin of the transition metal ion 
that they contain and the crystal field around the ion .Generally, in most of the 
TMO, the transition metal occupies the octahedral site with six oxygen ions as 
nearest neighbours thereby forming the MnOe octahedra. The crystal-field at the 
site of the transition metal splits its degenerate 3d orbital into orbitals with 
t2g(triplet) and eg(doublet) symmetries. A lattice distortion often can shorten the 
in-plane Mn-0 bonds and elongate the out of plane Mn-O bonds. This introduces 
asymmetry in the structure, makes it more layered structure, changes the site 
symmetry further and removes the degeneracy of the t2g and Cg orbitals. 
The structural and transport properties of these samples are determined as a 
function of concentration of the divalent or tetravalent ions, the ionic radii of the 
transition metal ion, and the method used in the preparation of the samples 
etc.[3,4]. These properties have traditionally been examined within the framework 
of the double-exchange (DE) mechanism proposed by Zener [5], which considers 
the magnetic coupling between Mn^ ^ and Mn"*^  ions .The number of these ions 
changes due to the doping level of divalent ion in the perovskites or due to its 
oxygen stoichiometry. In both the cases the result is the distortion of a perovskite 
structure that has direct influence not only on the Mn- O distance, but also on the 
Mn^ -^0-Mn''"^ angle. It has also been observed that the metal-insulator transition 
temperature and ferromagnetic coupling are sensitive to the change of these 
parameters. There are many possibilities of technological applications of these 
materials due to their fascinating properties mentioned above. 
Generally, manganites with colossal magnetoresistance (CMR) can be 
classified into two categories. One is the perovskite type compound (ABO3) with a 
chemical formula (Ri.x^^ Dx^ '^(Mn,.^ ^^ Mn/^) O3 (R= rare earth and D= Ca, Sr, all 
divalent ions). The other is the pyrochlore type compound (A2B2O7) .We have 
chosen the Sn doped manganites to study their structural and electrical transport 
properties.The Sn-doped manganites belong to the family of doped ferromagnetic 
manganites that exhibit Colossal magnetoresistance (CMR). The main difference 
between Sn and the traditional dopants (Ca, Sr, Ba, Pb etc.) used in CMR 
compounds is its unstable valency during ceramic sintering process. Such 
instability leads to the existence of two phases in Sn-doped lanthanum manganites: 
a perovskite like (LaSn^"')Mn03 and a pyrochlore like (LaSn''^ )2Mn207 
respectively. It is difficuh to determine the compositions of the two phases and the 
valence of tin in the compounds. 
More recently , Li et al. has reported that the ABO3 and A2B2O7 phases in 
bulk La,.xSnxMn03+ s (x<0.5) are constituted by LaMn03+ s and 
(Lao.sSuo 5)2Mn207 respectively. That is, the tin ions exist only in the A2B2O7 
phase and the CMR effect in Lai.xSnxMn03+ s appears to have its origin in 
deficient La and/or Mn ions in the ABO3 phase. Thus, it seems that the perovskite 
type Lai-xSnxMnOs is difficult to synthesize. 
The structural and transport behavior of (Lai.xSnx)2Mn207 was observed by 
Z.W. Li and A.H. Morrish [6 ]. They measured the x-ray diffraction patterns of 
Lai.xSnxMn03+ s with x=0.1, 0.2, 0.3 and 0.5 and calculated the lattice 
parameters .It was observed that the sample with x=0.5 is a single phase with 
cubic structure. The position and intensities of the XRD were found to be similar 
to those for La2Sn2 O7 and Tl2Mn207. Other samples with compositions (x=0.1, 
0.2and 0.3) were found to be a mixtures of the two phases - one is A2B2O7; other 
is ABO3 with monoclinic and rhombohedral structure respectively. 
S. Dai et al. [7] have observed the x-ray powder diffractogram of 
(Lao 7Sno.3)2Mn207. It was observed that the structure could be indexed as 
monoclinic with the lattice parameters a=6.4385A, b=10.7168A, c=4.9686A. 
These parameters showed that the unit cell is seriously distorted as compared to a 
cubic structure, probably because the ionic-radii of La ^^ and Sn '^^ are appreciably 
different. Shahid Husain et al. [8], observed the structural and electrical transport 
properties of Sn doped La2Mn207 (x=0.1,0.2 andO.3). They have studied the 
powder x-ray diffraction patterns at room temperature and fitted these x-ray 
diffraction patterns using FULLPROF code for Rietveld analysis. The analysis of 
these patterns reveals that all the samples are formed in the doubled layered 
structure with orthorhombic crystal symmetry having space group Pnma. 
1.1 Crystal structures 
As in this dissertation we have studied the structural properties of doped 
pyrochlores so it is better to have an idea about the crystal structures that found to 
exist in transition metal oxides. 
1.1.1 Perovsk i tes 
Basically the name perovskite refers to a relatively rare mineral called as 
calcium titanium oxide (CaTiOs) occurring in orthorhombic crystals symmetry 
and is found in contact metamorphic rocks and associated mafic intrusive 
nepheline syenites and rare carbonates. This was first discovered in the Ural 
mountains of Russia by Gustav Rose in 1839 and named after Russian 
Mineralogist L.A. Perovski. In general, perovskite is the name of more general 
group of crystals that take the same structure. The basic chemical formula follows 
the pattern ABO3 in which A and B are cations of different size e.g. in LaMnOs, 
more specifically A is a rare earth element and B is transition metal element. 
The idealized structure is a primitive cube but differences in the ratio 
between the 'A' and 'B' cations can distort the crystal structure to some extent and 
become orthorhombic or worse. The general crystal structure can be thought of as 
a body centered cube (BCC) lattice with 'A' ion of valency +2 at the center 
surrounded by eight 'B' ion of valency +4 each at the 8 comers and 12 oxygen 
ions each occupies the edge (Fig. 1.1 ).Similarly, the structure can be thought of as 
face centered cube (FCC) lattice with ion 'B' at the center surrounded by six 'O' 
ions, each at a face center and eight 'A' ions, each at the comer. (Fig. 1.2). 
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Fig. 1.1 General Perovskite Structure (BCC) 
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Fig. 1.2 General Perovskite Structure (FCC) 
1.1.2 Pyrochlores 
The Pyrochlore lattice is realized in a number of materials, many of which 
have played a critical role in the development of current ideas about geometrically 
frustrated antiferromagnet (GFAF). For this review the compounds of interest are 
oxides with the actual (cubic, Fd3m) pyrochlore, A2B2O7. 
Taking the A2B2O7 materials and the standard case, the A-site is occupied 
by a trivalent rare earth and the B-site by a tetravalent transition element. The 
formula can also be written as A20'(B206), to illustrate the fact that there are two 
independent A2O' and B2O6 sublattices. The B2O6 sublattice can be regarded as a 
three dimensional condensation of the comer sharing octahedral BO3 layers. The 
stacking sequence for the BO3 layers is of the type ABC ABC 
The structure of pyrochlore R2Mn207 (or more appropriately R2Mn2060') 
is based on a network of comer sharing Mn06 octahedra as in CMR perovskites 
(Fig. 1.1-1.2). The manner of linking octahedra leads to Mn-O-Mn angles in the 
range close to 180° in the perovskite structure ( for La|.xCaxMn03, this angle is « 
160°) but near 134° in the pyrochlore stmcture. The site symmetry at the Mn site 
in the pyrochlore structure is 3. Thus, while all of the Mn-0 distances are equal, 
the Mn-O-Mn angles are not constrained to be 90°. The Mn06 octahedra is 
distorted and is actually trigonal antiprism as it is in all compounds with the 
pyrochlore structure [9 ]. This distortion is , however, not a Jahn-Teller type 
distortion , where opposite bonds lengthen or shorten relative to others. The R 
atoms are located in the center of the hexagonal rings formed by Oxygens (0, 
located at the 48f positions) with two more oxygens (O', at the 8b positions) 
located above and below the ring. Hence, the 'A' atom environment can be 
considered to be distorted cube. The pyrochlore structure can be viewed as two 
interpenetrating networks: one with the formula MnOs and the other with the 
formula R2O'. Because the MnOs network forms the backbone of the stmcture, 
vacancies can occur only on the R and O' sites [10]. However, unlike in perovskite 
structure, the Mn atoms (as well as A atoms) in these compounds are located in the 
comers of a tetrahedral units which share comers to form infinite , intersecting 
chains. Such an arrangement leads to a very high degree of magnetic frustration if 
the nearest neighbour interactions are antiferromagnetic. 
^ * % ^ 
Fig.1.3 The corner sharing tetrahedral network for both the 16c, 16d and the 
combined sublattices in the pyrochlore structure, Fdim. 
Fig.1.4 The pyrochlore structure shown as linked OsOs octahedra surrounding Cd 
(large darker spheres) and O (small, paler unlinked spheres) 
1.2 Theoretical models 
The basis for the theoretical understanding of manganese 
oxides is usually the concept of the double exchange (DE) that 
considers the exchange of electron between neighbouring Mn ^ and 
Mn'*^ sites with strong onsite Hund's coupling.Perturbative 
calculations carried out by Millis et al [11, 12] showed that DE alone 
could not explain the experimental data of Mn oxides and suggested 
that a strong Jahn-Teller distortion should be responsible for the 
transport properties. Later on, it was suggested that the localization 
effect [13,14] in the double exchange model based upon non-
perturbative treatments might be able to account for the novel 
properties of manganites. It was not able to account for the 
experimental observation. 
1.2.1 The Double-exchange model 
Zener's double-exchange mechanism considers the magnetic 
coupling between Mn^^ and Mn"*^  resulting from the motion of an 
electron between the two partially filled d shells with strong onsite 
Hund's coupling. 
Basically, this mechanism involves the hopping of a d-hole 
from Mn"^ ^ (d\t2g\S=3/2) to Mn^^(d\t2g^eg',S=2) via the oxygen, so 
that the Mn ^ and Mn^^ ions change places: 
Mn'^O'-Mn'^ ^ Mn'^O^'Mn^^ (1.1) 
In other words, this involves the transfer of an electron fro m 
the Mn "^  site to the central oxygen ion and simultaneously the 
transfer of an electron from the oxygen ion to the Mn"** site. Such a 
transfer is refered as double-exchange (DE). 
Mn^* (d-*) Mn^* (d3) 
l2g 
Fig.1.5 Schematic diagram of double exchange mechanism. 
All the unpaired electrons within each atom or ion strive to 
attain the configuration of a lowered energy state in which, according 
to the Hund's rule, all the spins are parallel to one another. It means 
that the lowest energy of the system is one with a parallel alignment 
of the spins on the Mn^^ and Mn^'^ions.This lining up of the spins of 
the incomplete d orbitals of the adjacent Mn ions is accompanied by 
an increase in the rate of hopping of electrons and consequently an 
increase in the electrical conductivity. 
The rate at which an electron jumps from a Mn"''^  ion across an 
intervening O^' ion to an adjacent Mn'*^ ion is given by the frequency 
v=2e /h, where V is the frequency of oscillation of the electron 
between two Mn sites. The diffusion coefficient D, on diffusion of an 
electron from Mn^ "^  to Mn'*'^  ion is given by[15]-
I>=a^e/h (1.2) 
where 'a ' is the lattice parameter .Using Einstein equation, 
conductivity 'cr 'can be related to D as 
cr=ne^D/kT (1.3) 
where n is the number of Mn"** ions per unit volume, we obtain-
cT=xe^e/ahkT (1.4) 
where x is the fraction of Mn'*"*" ions in Lai.xAxMnOs. 
Since the ferromagnetic curie temperature Tg is related to the 
exchange energy by the approximate relation-
e«kTe (1.5) 
This give-
cr=xe^/ah {TJT) (1.6) 
Equation (1.6) correlates the electrical-conductivity and 
ferromagnetic curie temperature (Tc) for manganites. 
1.2.2 Jahn-Teller Effect 
The parent compounds of manganites such as LaMnOs, PrMnOs 
etc. are insulators at all temperatures. The insulating nature of the 
parent compounds are related to their structure, in particular the 
Jahn-Teller (JT) distortion. The Jahn-Teller effect describes the 
geometrical distortion of the electron cloud in a non-linear molecule 
under certain situations. An octahedral complex will distort along an 
axis (denoted Z)in order to remove degeneracy. This occurs in d-
metal co-ordination complexes. Degeneracy is created when an 
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electron can occupy two different orbitals, which have the same (or 
similar) energy. 
In an octahedral complex, the five d orbitals can be classified 
into two groups-
> t2g orbitals(consisting of the orbitals dxy,dxz and dyz) 
> Cg orbitals(consisting of the orbitals dz2 and dx2-y2) 
The t2g and Cg orbitals have the same respective energies, with the eg 
orbital having a higher energy than the t2g orbital. The difference in 
energy is denoted by Ao (ligand field splitting parameter). 
Fig.1.6: Splitting of five d orbitals into two groups i.e. eg and tzg orbitals. 
In lanthanum manganite both the lanthanum and manganese are 
trivalent cations, La^^ and Mn^^, and their combined charge is 
entirely balanced by the oxygen ions. The Mn^^ ion has four electrons 
in its outermost 3d energy level, out of a possible ten. If this level 
were full, five electrons would be spin up and five electrons would 
be spin down. But according to an atomic rule as Hund"s-rule, 
dictates that the four electrons in a manganese ion should point in the 
same direction to minimize the electrostatic repulsion. The spin up 
and spin down states are therefore well separated in energy, and the 
four electrons occupy the spin-state with the lowest energy. 
Electrostatic interaction between the four electrons and the 
neighbouring oxygen ions cause this single spin state to split into 
two energy sublevels (Fig. 1.8).Three of the electrons form a triplet 
state (t2g orbital) at lower energy, while the remaining single electron 
occupies a doublet state (Cg orbital) at a higher-energy. 
The single electron is unstable, however, and the system 
reduces its energy by splitting the doublet state into another two 
hyperfine energy levels. This phenomenon is called the Jahn-Teller 
effect. 
—/'7 \ \ 
./...,/ •... 
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• Oxygen 
Fig.1.7 Perovskite structure 
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Mn' 
>« = L [ ^ 
O'li'-fJ 
M 
3+. Fig. 1.8 Jahn-Teller effect in Mn d-orbital 
Fig.1.9 Distortion of a perovskite structure 
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1.3 Tolerance-factor 
The crystallography of CMR manganites has been discussed in 
detail by numerous authors. Two types of manganite perovskite have 
played a critical role in the field of CMR oxides. 
The first structure type is conventional-perovskite, which 
consists of a network of cornered shares MnOg octahedra with the A-
site cation situated between the octahedral (see Figure 1.1.). 
The variation in the average radius of the A-site cation <rA>, 
by doping of the A-site to form a solid solution of Ai.xA'xMnOs , 
leads to a distortion of the prototypical cubic-perovskite structure 
(space group Pm3m) to lower rhombohedral (R3c) or orthorhombic 
structures (Pbnm). This type of symmetry lowering is due to the 
octahedral rotations and tilts driven by the size mismatch between 
the A-site cations and the Mn ion. This size mismatch may be 
quantified in an empirical fashion by the Goldschmidt tolerance 
factor, ' t ' which is given by-
t=(rA+ro)/(rB+ro)V2 (1.7) 
where TA, ro and rB represents the ionic-radii of rare earth ,oxygen 
and Mn ion respectively. It is a measure of distortion from the cubic 
symmetry. Typically, for value of t ^ l the perovskite structure tend 
towards the cubic form with relatively straight Mn-O-Mn bond angles. 
Low values of the tolerance factor, t<l , suggest a high degree of 
internal strain due to size mismatch and lead to distorted perovskite 
structures. Moreover, t<l reflects a compression of the M n - 0 bond 
and an elongation of the A - 0 bond ,also it indicates a Mn-O-Mn 
angle 6 that is smaller than 180°, consistent with a symmetry-
14 
lowering rotation leading to orthorhombic or rhombohedral 
structures! 16] 
In a parent compound LaMnOs, the La ion occupies the A-site 
between the Oxygen octahedra. The Mn ions occupy the B-site and 
are surrounded by oxygen octahedra that shares corners to form a 
three-dimensional network. In several perovskite structures of 
manganites , the overlap between the B-site d-orbital and the oxygen 
p-orbital forms the electronically active band and this overlap can be 
strongly influenced by the internal pressure generated by the A-site 
substitution with ions of different radii. For a perfect size match, 
( t=l) the Mn-O-Mn bond angle (0) would be 180° .For t< l , rather 
than giving a simple contraction of bond lengths , the octahedra tilt 
and rotate to reduce the excess space around the A-site, resulting in 
0 <180''. In the orthorhombic phase, the MnOe octahedra exhibit a specific 
tilting system governed by the particular value of the tolerance factor. Mn ions in 
an undistorted octahedral oxygen coordination have an electronic structure d = 
t2g^ eg' (one electron in a doubly degenerate Cg orbital)[17]. 
3d orbitals / ®a' 
m ^9 
Fig. 1.10 Energy levels splitting in an octahedral environment (t<l) 
^,4<4. """-^ 
gg^yCj^A 
3z2-r2 
xy 
yz, zx 
Fig. 1.11 Lifting of the degeneracy of the t2g and Cg levels due to the axial 
elocation of the point charge octahedron (t>l) 
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Fig.1.12 Lifting of the degeneracy of the tig and Cg levels due to the axial 
contraction of the point charge octahedron.(t<l) 
1.4 Small Polaron hopping model 
The electrons in a solid interact both with one another and with 
the lattice vibrations. Interaction with phonons also has an important 
effect, particularly in transition metal oxides, i.e. they interact with 
the electrons or holes in a narrow band semiconductor or semimetal, 
forming polarons [18]. 
The behaviour of polarons is of great importance in case of transition metal 
oxides. In a polar material a polaron is the region around an electron in the 
conduction band in which the material is polarized by the electron, as first 
proposed by Landau (1993). The field around the electron with which it interacts 
has a potential energy function, expressed as : 
V{r) = -e'lK,r, r > Tp (1.8) 
= -e^lK,,rp, r < rp 
where \lK,, =\lK^-MK, and K.^ ,, K are the high frequency and static 
dielectric constants in principle the polaron radius 'rp- is determined 
by minimizing the polaron's energy, which is made up of the energy 
of the electron in a polaron well. 
16 
+-
Kprp 2m rj .(1.9) 
1 and the energy required to polarize the medium, — e ' /K p r,, . fn* 
is the effective mass. If rp is larger than the lattice parameter, the 
polaron is called a ' l a rge ' or Frohlich polaron and its properties 
depend on the dimensionless coupling constant a, defined by -
f „2\ 
a' = 
K'^I' J 
m 
y2h co^j 
.(1.10) 
The polaron is called small polaron when rp has its l imit ing size. 
~2UiV 
1/3 
.(1.11) 
where N is number of sites per unit volume. 
The energy of small polaron -Wp is given by 
W, 
V p ' J 
.(1.12) 
The small polaron has the following propert ies: 
> At high temperatures [ T > —0j^  ] it moves by ' hop ing ' , the 
frequency with which it ' hops ' from one site to another is given 
by the relat ion. 
CO exp 
where, 
W = 
AK. 
kT .(1.13) 
(1.14) 
and R is the distance from one site to another. WH is the energy of 
intermediate state, where thermal fluctuations have decreased the 
17 
depth of the potential well Eq. 1.1 and produced an empty potential 
well on neighbouring site so that an electron can resonate between 
the two wells . Eq. 1.15 is valid only in so called adiabatic 
approximation, which means that an electron can go backward and 
forward several t imes during the period when the two wells have the 
same depth. 
> At low temperatures T<-9,A, the electron moves from one 
' / . ) ' 
site to other site without the aid of thermal act ivat ion. The zero 
point energy —hco taking place of thermal vibrat ions. The 
hoping frequency is given as 
- w. 
CO exp I 
ho) 
.(1.15) 
The distortion of the surrounding medium which leads to the 
intermediate state with energy WH can be described by simple 
harmonic motion, with a parameter a for the displacement , a 
potential energy - pa^ and a wave function of the form 
t//-constexpi-aa^) . The probabil i ty 1^1 for a configuration with 
potential energy WH is thus 
m exp 
•2aW, 
.(1.16) 
and by putt ing the value of constants it is easy to see 
f \ 
4a 
that 
ho) 
J 
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CHAPTER- 2 
£XP£RIM£NTAL 
& 
CHARACTERIZATION 
TECHNIQUES 
Introduction 
This chapter deals with the method of preparation and characterization 
techniques used for the present study. We have adopted conventional solid state 
reaction route to synthesize the pyrochlore manganite. The techniques to 
characterize these samples have been described briefly viz. x-ray diffraction 
(XRD) analysis, resistivity analysis etc. 
2.1 Synthesis of the samples 
Generally, manganites are synthesized using solid-state reaction. In this 
method, different constituents are mixed in stoichiometric ratio and heated at high 
temperatures to complete the reaction. 
2.1.1 Solid state reaction route 
We have prepared the samples of (Lai.xSnx)2Mn207 (x=0.1,0.2 and 0.3) 
using this method, following the route shown in the flow chart (Fig 2.1 ). In this 
method, the stoichiometric amount of La203, Sn02 and Mn02 in powdered form 
were ground in an agate mortar till a homogeneous mixture is formed. This 
mixture was kept in an alumina crucible and heated at 1373K for about 24 hours. 
The presintered material were again ground and calcinated at 1432K for 24 hours. 
A few drops of polypine alcohol, is added to this preheated powder, which act as 
a binder in the sample and palletized using a die of dimension 10mm. A pressure of 
the order of 3 tonnes/cm^ was used for making the pellet. Then these pellets were 
sintered at 1473K for 24 hours. 
SYNTHESIS 
SOLID STATE REACTION METHOD 
y 
La203 
1 
STOICHIOMETRIC QUANTITIES 
1 ' 
SnOi 
" 
MnOi 
All Powders 
Dry 
are 99.99% Pure Aldrich / Fluka / Strem make 
1 
mixed in Powder form in Agate Mortar 
-
1373K/24hrs 
Grinding thoroughly 
]432K/24hrs 
1 
Grinding with polypine alcohol & then palletized 
1473K/24hrs 
Product: Single Phase ( Lai.xSnx)2Mn207 (x=0.1,0.2 and 0.3) 
Fig. 2.1 Flow chart for Solid state reaction method for the synthesis 
of bulk samples of (Lai-xSn,) MmOi (x=0.1, 0.2 and 0.3) 
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2.2 X-ray Diffraction 
Strong x-ray diffraction produced by crystalline solids is based on Bragg 
law. Crystals are composed of various intersecting planes each of which itself 
contains a number of atoms. Since the interatomic separations in crystals are of the 
same order of magnitude as the wavelength of x-rays (~A) , crystals acts as a 
diffraction grating and produce diffraction on being irradiated by x-rays. In this 
phenomenon, the crystal planes are believed to act like plane mirrors. Radiations 
reflected from two successive parallel planes under certain conditions may 
interfere constructively to produce a diffraction maximum. The Bragg diffraction 
shown in Fig.2.3 occurs for specular reflections (angle of incidence= angle of 
reflection).The constructive interference occurs when the path difference (2dsin9) 
between the interfering rays equals an integral multiple of the x-ray wavelength X. 
i.e. 2dsine=n?. (2.1) 
where, d is the interplanar spacing. 0 is the angle of the incident radiation with the 
plane (angle of diffraction), n = 1, 2, 3... (Order of diffraction) 
B 
Fig.2.3 Bragg Reflection diagram 
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Bragg diffraction is very much different from the ordinary diffraction that 
generally puts no restriction on the incident angle. The Bragg equation puts very 
stringent conditions on 'A,' and '9 ' for any given crystal. Although the reflection 
from each plane is specular, for only certain values of 8 , the reflections from all 
parallel planes add up in phase to give a strong reflected beam. If each plane were 
perfectly reflecting, only the first plane of a parallel set would see the radiation 
and any wavelength would be reflected. But, each plane reflects 10" to 10' of the 
incident radiation, so that 10^  to 10^  planes may contribute to the formation of 
Bragg reflected beam in a perfect crystal. From Bragg law it is clear that Bragg 
reflection can occur only for wavelength X, < 2d (since sinG < 1). That is why the 
visible light cannot be used in place of x-rays. 
Thus for Bragg law to hold, two important criteria to be met are: 
>^  Angle of incident must be equal to Angle of reflection. 
•/ Wavelength should be similar to the distance between the atomic or 
molecular structures of interest. 
In crystalline materials, the molecular and atomic species are ordered in a 
three- dimensional array, called a lattice. The smallest lattice is designated the unit 
cell in crystallography. A plane in a crystal can be defined by a three arbitrary 
lattice points and there is a family of planes separated by a certain interplanar 
spacing from each other. Thus, a family of planes is called a crystalline plane and 
is usually indexed by using Miller indices (hkl). These indices are reciprocals, 
reduced to smallest integers, of the intercepts that the plane makes along the three 
axes, composing a unit cell.Interplaner spacing for a set of parallel planes (hkl) is 
denoted by dhki. 
The occurrence of x-ray diffraction and the direction of the diffracted beam 
by a crystallographic plane obey the Bragg law. According to this law,x-ray 
diflraction occurs only when the scattered beams in a specific direction travel 
distances that differ by an integral multiples (n), the order of the reflection, of the 
incident x-ray wavelength(A,). This condition is described by the equation (2.1). 
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X-ray Diffractometer 
Usually an x-ray diffractometer equipped with a radiation detector is used 
for x-ray powder diffraction measurement. The diffractometer is composed of an 
x-ray source, radiation detector, and the combined controller and data processor. 
To study the spectra, a particular set of crystal planes having a known 
spacing 'd' is chosen. These planes effectively reflect different wavelengths at 
different angles. A detector that can discriminate one angle from another can then 
be used to determine the wavelength of radiation reaching it. The crystal itself can 
be studied with a monochromatic x-ray beam, to determine not only the spacing of 
various crystal planes but also the structure of the unit cell. The recorded 
diffraction pattern gives the intensity versus 20 plot. The XRD patterns are 
recorded with diffractometer as shown in Fig. 2.4. By measuring 20 one can 
determine the spacing'd' between the planes in the crystal. The diffraction pattern 
gives us information about the average particle/grain size, lattice parameters, 
crystal structure of the sample etc. The positions of the unit cell affect the 
intensities but not the direction of the diffracted beams, the intensity of the 
diffracted beam is changed by any change in atomic positions can be determined 
by the observation of diffracted intensities. 
X-RAY 
TUBB 
'SCHEMATIC OF X-RAY 
DIFFRACTOMETER 
Fig.2.4 The schematic diagram of x-ray Diffractometer 
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2.3Structural analysis 
In this section we discuss the interpretation of our studies on the structural 
aspects of (Lai.xSnx) 2Mn207 (x=0.1, 0.2 and 0.3). The x-ray data have been 
recorded on an x-ray diffractometer using Cu-Ka radiation of wavelength 1.540A. 
The x-ray data have been analysed by using various computer softwares.In the 
present work the most prominent softwares, which we used, are PowderX, 
FullProf etc. We have used these softwares to obtain the unit cell parameters, for 
indexing miller indices (h, k, 1) and to know about the crystal symmetry. 
The softwares used to analyze the XRD data are described as follows: 
2.3.1 Powder X 
The main features of Powder X can be summarized as follows: 
1) Powder X is used in various diffractometers made by Mac. Science, Philips, 
Siemens, Rigaku, etc. 
2) It can be used for plotting x-ray patterns, data smoothening. Background 
substraction, indexing and peak search. 
3) It can also be used for data format conversions to prepare the input data for 
Rietveld refinement and structural determination programs such as DBWS, 
FULLPROF, GSAS, SIMPRO and EXPO. 
4) The original data and data after processing can be easily displayed so that it 
becomes very convenient to see the effects of the process during 
background subtraction, smoothening etc. 
5) Fourier transforms and derivatives of x-ray data can be calculated, plotted 
and saved as data files. 
6) Any part of the plot can be zoomed with the help of mouse to see the details. 
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7) Various other programmes like dhki (the calculation of diffraction angles 
and crystal plane spacings from the lattice parameters), miller indices 
indexing ,Lazy( generation of the simulated powder-x ray diffraction 
patterns) ,and Eracel have been included in this system. 
8) Powder-X can read thirteen data formats, produced by either angular 
dispersive or energy dispersive x-ray diffraction techniques on various 
diffractometers(manufactured by Mac. Science, Philips, Siemens, Rigaku 
etc.) 
9) With Powder-X, zero-angle shift can be corrected automatically before 
indexing. 
10)It can produce the input file for TREOR 90(Wemer et al;1985) after an 
automatic peak search , so only minor editing is needed. 
r 
-\A) . 
•f^^i^ ^/X.2^ 
Collecting the 
XRD raw data 
\ 
[Using "Powder X" 
F o r m a t t i n g t h e raw d a t a 
in to i n p u t d a t a f i le 
T1\e result at 
this stage gives 
K,k, Mnitial a,b,c 
and crystal type 
along with zero 
correction 
Converting 
into program 
readable 
format 
Initial ^ 
K«nnem«nt,lnd«xlng> ^ 
simpr« calcuUtion etc and generiting data flt«for 
structural 
alysis 
Fig.2.5 Block diagram for the structural analysis of XRD data using Powder- X. 
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2.3.2 FULLPROF 
It is basically an initial step of a Rietveld refinement programme, which 
can be used for both x-ray and neutron-diffraction. It is mainly used for Rietveld 
analysis (structure profile refinement) of neutron (nuclear and magnetic scattering) 
or x-ray powder diffraction data collected as a function of the scattering variable T 
(20 or TOF). The programme can also be used as a profile-matching tool, without 
the knowledge of structure. 
The programme Fullprof is based on the code of the Young and Wiles 
(DBW) programme on the code DBW3.2S (Version 8711 and 8804). The main 
features of Fullprof can be highlighted as: 
1) It provides line shape (Gaussian, Lorentzian, Modified Lorentzian, 
Pseudovoigt etc.) for each phase. 
2) It can be used for both the neutron (constant wavelength and TOF) and x- ray 
(laboratory and synchrotron source) data. 
3) It has a provision for the background refinement. 
4) It provides for the choice between automatic generation of hkl and symmetry 
operators and file given by users. 
5) Upto two wavelengths (K1+K2) used for refinement. 
6) Resolution function (for pseudo-Voigt peak shape) may be supplied in a file. 
7) Multiphase structure (upto 8 phases) can be refined. 
8) Single crystal data or integerated intensifies can be used as observations. 
9) Profile matching: the full profile can be adjusted without prior knowledge of 
the structure (needs only good starting cell parameters and profile parameters). 
The main requirement for using the Fullprof is an input file, with the 
description (in proper format) of the assumed structure such as unit-cell 
parameters, space group, atomic posifions, etc. This programme generates a profile 
of the assumed structure (or say model) using the description we have provided. 
This pattern is refined to fit the observed data. 
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2.4Transport properties 
Resistivity measurement 
The resistivity of the given samples is measured using four-probe technique 
which is described as follows: 
2.4.1The Four point collinear method 
Generally, the resistivity of a semiconductor material is 
measured by using a four-point collinear probe. This 
technique involves bringing four equally spaced probes in 
contact with a material of unknown resistance. The probe 
array is placed in the center of the material, as shown 
Voltmeter 
Fig. 2.4. Four point collinear probe resistivity configuration 
in Fig. 2.4. The two outer probes are used for sourcing current and the two inner 
probes are used for measuring the resulting voltage drop across the surface of the 
sample. The volume resistivity is calculated as follows: 
.TT V 
where, 
V= voltage (volts) , I = the source current (amperes), t = the sample thickness 
(cm) 
k = a correction factor based on the ratio of the probe to wafer diameter and on the 
ratio of wafer thickness to probe separation. 
The resistivity of the semiconductor is often determined using this 
technique. When the sample resistance is measured by two probes using a 
multimeter, the contact and the lead wire resistances can not be avoided. The four-
probe method is a simple technique to overcome this limitation. 
Four probes eliminate measurement errors due to the probe resistance, the 
spreading resistance under each probe and the contact resistance between each 
metal probe and the semiconductor material. Because a high impedance voltmeter 
draws little current, the voltage drops across the probe resistance, spreading 
resistance, and contact resistance are very small. 
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CHAPTER- 8 
RESULTS 
AND 
DISCUSSION 
Introduction 
In this chapter we will discuss the interpretation of our studies on the 
structural and transport aspects of (Lai.xSux) 2Mn207 (x=0.1, 0.2 and 0.3). The 
powder x-ray diffraction (XRD) patterns of all the samples of (La^^Sux) 2Mn207 
(x=0.1, 0.2 and 0.3) have been recorded at room temperature. The lattice 
parameters and the unit cell volume of all the samples have been calculated. The 
temperature dependence of electrical resistivity has also been measured for 
different Sn concentration. 
3.1 The Structural Analysis 
To study the structure of the (Lai.xSnx) 2Mn207 (x=0.1, 0.2 and 0.3) 
samples we have performed the powder x-ray diffraction measurement at room 
temperature and fitted the x-ray diffraction patterns using Powder-X software. Fig. 
3.1 show the XRD patterns with indexed (hkl) values using Powder-X software 
for x=0.1,0.2 and 0.3 samples which were synthesized through solid-state reaction 
route. The analysis of Powder XRD patterns at room temperature shows that all 
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the samples are formed in the single-phase structure with orthorhombic crystal 
symmetry. The lattice parameters and unit cell volume were calculated and 
summarized in Table 3.1. As shown in Table 3.1, the samples show a decrease in 
the lattice parameter 'a' with the increase in Sn concentration. There is a slight 
increase in parameter 'b' on 20% Sn doping but further doping results in decrease. 
The parameter 'c' decreases with the increase in Sn concentration. 
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Fig. 3.1(a) XRD pattern of the compound (Lao.9Sno.i) 2Mn207 synthesized by Solid 
state reaction route . The lattice parameters and hkl values are 
calculated by Powder-X method as summarized in Table 3.1. 
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Fig. 3.1(b) XRD pattern of the compound (Lao.sSnoj) 2Mn207 synthesized by Solid 
state reaction route. The lattice parameters and (hkl) values are 
calculated by Powder-X method as summarized in Table 3.1. 
30 
3500 
2800 
0 
U 2100 
C' 
• mi 
M 
Ci 1400 
W 
I—t 
700 
J i i Ai LiL 
o 
JL JL 
(Lao.7Sno.3)2Mn207 
\ . ^ A r ^ ^ 
30 40 50 
20 
60 70 80 
Fig. 3.1(c) XRD pattern of the compound (LaoySnoj) 2Mn207 synthesized by Solid 
state reaction route . The lattice parameters and hkl values are 
calculated by Powder-X method as summarized in Table 3.1. 
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Table 3.1 The lattice parameters and unit cell volume for different compositions of 
the compound (Lai.xSnx)2Mn2O7(x=0.1, 0.2 and 0.3) synthesized by solid 
state reaction route. 
Composition 
(Lao.9Sno.i)2Mn207 
(Lao.8Sno.2)2Mn207 
(Lao.7Sno.3)2Mn207 
Crystal 
symmetry 
Orthorhombic 
Orthorhombic 
Orthorhombic 
a (A) 
11.74 
11.22 
11.20 
b(A) 
9.72 
9.77 
9.11 
c(A) 
10.64 
10.55 
10.35 
Unit-cell 
volume (A )^ 
1214.1 
1157.3 
1056.0 
We have fitted all the lattice parameters, as shown in Table 3.1 with the 
help of Powder-X software available for the fitting of the lattice parameters. The 
(hkl) values are also indexed through this software. The deviations between the 
observed and calculated values of interplanar spacings (d-values) are calculated 
and are found to be very small. The observed and calculated'd' values at different 
29 values for (Lai.xSnx)2Mn2O7(x=0.1, 0.2 and 0.3) are tabulated in Tables 3.2 to 
3.4. 
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Table 3.2 The observed and calculated interplanar distances at different 2 6 values 
for Sn doped ( Lao.9Sno.i)2Mn207 synthesized by Solid state reaction route. 
S.N. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
hkl 
3 0 0 
3 0 2 
0 3 1 
3 2 0 
0 2 3 
0 3 2 
2 3 1 
0 0 4 
4 1 2 
5 0 0 
1 2 4 
2 4 0 
5 1 1 
1 0 5 
0 5 0 
6 1 1 
0 4 4 
3 2 5 
5 1 4 
5 4 2 
3 1 6 
6 0 4 
1 3 6 
1 2 7 
6 2 5 
7 4 1 
1 7 2 
2 0 8 
5 2 7 
9 2 2 
26 i^ desree^  
22.852 
28.324 
28.937 
29.329 
31.073 
32.397 
32.698 
33.537 
36.104 
38.320 
39.385 
40.008 
40.517 
43.164 
46.691 
48.163 
50.847 
52.389 
52.793 
57.155 
57.913 
58.534 
59.944 
64.688 
67.767 
68.472 
70.493 
72.868 
77.284 
77.823 
G (^ desree^  
11.426 
14.162 
14.4685 
14.6645 
15.5365 
16.1985 
16.349 
16.7685 
18.052 
19.160 
19.6925 
20.004 
20.2585 
21.582 
23.3455 
24.0815 
25.4235 
26.1945 
26.3965 
28.5775 
28.9565 
29.267 
29.972 
32.344 
33.8835 
34.236 
35.2465 
36.434 
38.642 
38.9115 
dnh. (A) 
3.88844 
3.14839 
3.08308 
3.04273 
2.87581 
2.76130 
2.73651 
2.66999 
2.48578 
2.34699 
2.28593 
2.25176 
2.22463 
2.09414 
1.94387 
1.88781 
1.79429 
1.74505 
1.73265 
1.61034 
1.59104 
1.57564 
1.54190 
1.43982 
1.38169 
1.36917 
1.33479 
1.29702 
1.23356 
1.22636 
dr,l {k\ 
3.91333 
3.15234 
3.09948 
3.04803 
2.86491 
2.76720 
2.74086 
2.66000 
2.48449 
2.34800 
2.28860 
2.24522 
2.23159 
2.09388 
1.94400 
1.88775 
1.79408 
1.74484 
1.73213 
1.60941 
1.59338 
1.57617 
1.54210 
1.43975 
1.38097 
1.36883 
1.33485 
1.29712 
1.23415 
1.22595 
diff {k\ 
0.02489 
0.00395 
0.0164 
0.0053 
-0.0109 
0.0059 
0.00435 
-0.0399 
-0.00129 
0.00101 
0.60007 
-0.00654 
0.00696 
-0.00026 
0.00013 
0.00006 
-0.00021 
-0.00021 
-0.00052 
-0.000093 
0.00234 
0.00053 
0.0002 
-0.00007 
-0.00072 
-0.00034 
0.00006 
0.0001 
0.00059 
-0.00041 
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Table 3.3 The observed and calculated interplanar distances at different 2 6 values 
for Sn doped (Lao.8Sno.2)2Mn207 synthesized by Solid state reaction route. 
S.N. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
hkl 
1 2 1 
2 0 2 
2 2 0 
3 1 0 
0 3 0 
1 1 3 
1 3 0 
3 0 2 
4 0 1 
3 2 1 
3 2 1 
1 2 3 
2 3 1 
0 0 4 
4 1 1 
4 0 2 
3 1 3 
0 4 0 
1 3 3 
1 2 4 
5 0 0 
0 4 2 
1 4 2 
1 4 2 
4 3 1 
1 1 5 
2 0 5 
0 2 5 
1 2 5 
4 1 4 
4 4 0 
4 4 1 
6 1 1 
4 2 4 
2 5 2 
0 1 6 
2 3 5 
29 f^ depree^  
21.446 
22.993 
24.362 
25.446 
27.525 
27.866 
28.476 
29.070 
32.985 
31.197 
31.175 
32.557 
32.797 
33.670 
34.192 
36.244 
36.214 
36.745 
38.441 
39.438 
40.144 
40.643 
41.413 
41.413 
43.217 
44.571 
45.779 
46.821 
47.551 
48.296 
49.392 
50.291 
50.398 
50.981 
52.517 
52.922 
54.101 
0 rdepreel 
10.723 
11.4965 
12.181 
12.723 
13.7625 
13.933 
14.238 
14.535 
16.4925 
15.5985 
15.5875 
16.2785 
16.3985 
16.835 
17.097 
18.122 
18.108 
18.3725 
19.2205 
19.719 
20.072 
20.3215 
20.7065 
20.7065 
21.6085 
22.2855 
22.8895 
23.4105 
23.7755 
24.148 
24.696 
25.1455 
25.199 
25.4905 
26.2585 
26.461 
27.0505 
dnh. {k\ 
4.14008 
3.86487 
3.65068 
3.49761 
3.23789 
3.19913 
3.13189 
3.06932 
2.71337 
2.86473 
2.86665 
2.74802 
2.72846 
2.65971 
2.62033 
2.47655 
2.47850 
2.44389 
2.33988 
2.28301 
2.24445 
2.21804 
2.17855 
2.17747 
2.09170 
2.03126 
1.98043 
1.93874 
1.91068 
1.88295 
1.84370 
1.81283 
1.80923 
1.78990 
1.74111 
1.72871 
1.69380 
d^al {k\ 
4.12319 
3.84439 
3.68437 
3.49343 
3.25667 
3.17512 
3.12763 
3.05190 
2.71142 
2.85896 
2.85896 
2.76689 
2.72141 
2.63889 
2.61267 
2.47729 
2.47905 
2.44250 
2.33760 
2.27362 
2.24444 
2.21663 
2.17462 
2.17462 
2.08375 
2.02946 
1.97589 
1.93789 
1.90962 
1.88604 
1.84218 
1.81475 
1.80981 
1.78870 
1.74191 
1.73141 
1.68928 
diff ^ A) 
-0.01689 
-0.02048 
0.03369 
-0.00418 
0.01878 
-0.02401 
-0.00426 
-0.01742 
-0.00195 
-0.00577 
-0.00769 
0.01887 
-0.00705 
-0.02082 
-0.00766 
0.00074 
0.00055 
-0.00139 
-0.00228 
-0.00939 
-0.00001 
-0.00141 
-0.00393 
-0.00285 
-0.00795 
-0.0018 
-0.00454 
-0.00085 
-0.00106 
0.00309 
-0.00152 
0.00192 
0.00058 
-0.0012 
0.0008 
0.0027 
-0.00452 
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S.N. 
38 
39 
40 
41 
49 
50 
51 
52 
53 
hkl 
2 5 3 
6 3 0 
0 6 1 
2 2 6 
3 6 4 
6 4 4 
3 3 7 
7 5 1 
3 7 3 
20 rdeffree'i 
56.211 
56.653 
57.297 
58.050 
72.650 
73.030 
73.656 
77.448 
77.955 
0 rdeffree'i 
28.1055 
28.3265 
28.6485 
29.025 
36.325 
36.515 
36.828 
38.724 
38.9775 
d„h. (k) 
1.63513 
1.62341 
1.60667 
1.58763 
1.30038 
1.29455 
1.28508 
1.23136 
1.22461 
d f^li ( A ) 
1.63420 
1.62191 
1.60930 
1.58756 
1.29945 
1.29415 
1.28509 
1.23095 
1.22574 
diff (A) 
-0.00093 
-0.0015 
0.00263 
-0.00007 
-0.00093 
-0.0004 
0.00001 
-0.00041 
0.00113 
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Table 3.4 The observed and calculated interplanar distances at different 2 6 values 
for Sn doped (Lao.7Sno.3)2Mn207 synthesized by Solid-state reaction route. 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
hid 
1 2 1 
0 1 3 
1 1 3 
0 3 0 
3 2 0 
3 1 2 
0 2 3 
0 2 3 
4 1 0 
0 1 4 
4 0 2 
0 3 3 
0 2 4 
0 4 I 
2 2 4 
3 4 0 
0 2 5 
1 5 0 
3 3 4 
2 5 0 
0 5 3 
6 3 0 
7 1 0 
3 1 6 
5 2 5 
1 6 3 
8 1 1 
0 5 5 
1 4 6 
8 1 2 
6 4 3 
8 0 3 
1 4 7 
9 1 1 
9 1 1 
2fl rdepree^ 
22.818 
27.660 
28.882 
29.315 
30.979 
31.273 
32.373 
32.654 
33.483 
36.041 
36.574 
39.370 
40.000 
40.470 
43.126 
46.673 
48.096 
50.748 
52.367 
52.764 
57.094 
57.933 
58.502 
59.885 
64.619 
67.804 
68.335 
68.483 
68.739 
70.396 
70.670 
72.890 
77.369 
77.821 
77.901 
0 fdeffree^ 
11.409 
13.830 
14.441 
14.6575 
15.4895 
15.6365 
16.1865 
16.327 
16.7415 
18.0205 
18.287 
19.685 
20.000 
20.235 
21.563 
23.3265 
24.048 
25.374 
22.16882 
26.382 
28.547 
28.9665 
29.251 
29.9425 
32.3095 
33.902 
34.1675 
34.2415 
34.3695 
35.198 
35.335 
36.445 
38.6845 
38.9105 
38.9505 
d.hc {k\ 
3.89417 
3.22239 
3.08877 
3.04413 
2.88431 
2.85790 
2.76326 
2.74011 
2.67414 
2.48998 
2.45490 
2.28678 
2.25222 
2.22712 
2.09590 
1.94456 
1.89031 
1.79757 
1.74574 
1.73352 
1.61192 
1.59056 
1.57643 
1.54328 
1.44117 
1.38102 
1.37157 
1.36897 
1.36450 
1.33638 
1.33187 
1.29669 
1.23242 
1.22638 
1.22533 
dp«i (A) 
3.90719 
3.22639 
3.10031 
3.03667 
2.88741 
2.87317 
2.75019 
2.75019 
2.67643 
2.48905 
2.46264 
2.27945 
2.24984 
2.22428 
2.08766 
1.94427 
1.88453 
1.79836 
1.74196 
1.73260 
1.61112 
1.59024 
1.57588 
1.54329 
1.44206 
1.37913 
1.37155 
1.36767 
1.36485 
1.33679 
1.33180 
1.29726 
1.23261 
1.22434 
1.22434 
diff (A) 
0.01302 
0.004 
0.01154 
-0.00746 
0.0031 
0.01527 
-0.01307 
0.01008 
0.00229 
-0.00093 
0.00774 
-0.00733 
-0.00238 
-0.00284 
-0.00824 
-0.00029 
-0.00578 
0.00079 
-0.00378 
-0.00092 
-0.0008 
-0.00032 
-0.00055 
0.00001 
0.00089 
-0.00189 
-0.00002 
-0.0013 
0.00035 
0.00041 
-0.00007 
0.00057 
0.00019 
-0.000204 
-0.00099 
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3.2 Transport Analysis 
In order to understand the electrical behaviour of manganites, above and 
below the transition temperature, various models have been proposed. 
A number of experiments have provided strong evidence for the existence of 
small polaronic charge carriers [19-20] and their hopping conduction iabove the 
transition temperature [21, 22]. 
At low temperatures, a dominant T contribution in resistivity is generally 
observed, and has been ascribed to electron-electron scattering [23]. Jaime et al 
[24] have recently shown that the resistivity is essentially temperature independent 
below 20 K and exhibits a strong T ^ dependence above 50 K. In addition, the 
coefficient of the T^ term is about 60 times larger than that expected for electron-
electron scattering. They thus ruled out the electron-electron scattering as the 
conduction mechanism and proposed single magnon scattering with a cutoff at 
long wavelengths. 
Alternatively, one should consider a contribution from electron-phonon 
scattering. At low temperatures, the acoustic phonon scattering would give a T ^ 
dependence, which is not consistent with the data [24]. Recently, Alexandrov and 
Bratkovsky [25] have proposed a theory for colossal magnetoresistance in doped 
manganites. Their model predicts that small polaronic transport is the prevalent 
conduction mechanism even below the ferromagnetic ordering temperature Tc- If 
this theoretical model is relevant, the resistivity data at low temperatures should be 
consistent with small polaron conduction mechanism. 
Although a theory of small polaron conduction at low temperatures was 
developed more than 30 years ago [26,27], no experimental data have been used to 
compare with the theoretical prediction. The theory [26, 27] shows that, for kgT 
<2tp, the resistivity is given by-
p(T) ^ (h^/ne^a tp)(\/T) (3.1) 
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where tp is the effective hopping integral of polarons, n is the carrier density, a is the 
lattice constant, and 1/r is the relaxation rate: 
l/T=I„^„/sinhV-^«a /2A:fir; (3.2) 
where coa is the average frequency of one optical phonon mode, Aa is a constant, 
depending on the electron-phonon coupling strength. It is worth noting that the 
above expression for 1/T has been generalized from one optical phonon mode to 
multiple modes since complex compounds such as manganites contain several 
optical phonon modes. From the above equations, one can see that only the low-
lying optical modes with a strong electron-phonon coupling contribute to the 
resistivity at low temperatures due to the factor of 1/sinh (h fy« /IksT ) . As 
discussed below, among the low-lying optical modes, only the softest optical 
phonon branch that is related to the tilt/rotation of the oxygen octahedra is strongly 
coupled to the carriers. 
The high-frequency phonon modes such as the Jahn-Teller modes also have 
a strong coupling with carriers, but these modes have negligible contributions to 
the resistivity below 100 K because of an exponentially small factor in equation 
(3.2). By inclusion of impurity scattering, the resistivity at low temperatures is 
p(T)=po + D/sinh\hco,/2kBT) (3.3) 
where cOg is the average frequency of the softest optical mode, and D is a constant, 
being proportional to m*/n (where m* is the effective mass of carriers). 
Kubo and Ohata [28] have studied the magnon scattering for half metals 
where the spin-up (minority) and spin-down (majority) bands are well separated. 
In this case, one-magnon scattering is forbidden, and thus the two-magnon process 
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is responsible for the low-temperature resistivity, which gives a contribution that 
is proportional to 
T ^ [28]. If we include this contribution, we have-
P(T)=PQ + CT^^ + D/sinh^(hcy,/2/tBr;. (3.4) 
Here /? o is the residual resistivity, the second term arises from two-magnon 
scattering, and the third term is associated with small-polaron coherent motion 
which involves a relaxation due to a soft optical phonon mode. Such a soft mode is 
related to the tilt/rotation of the oxygen octahedra, and has a low frequency 
(^<y/kBT~80K). 
We have measured the resistivity of (Lai.xSnx)2Mn2O7(x=0.1, 0.2, and 0.3) 
samples as a function of temperature as shown in Fig.3.2 .All the samples show 
metal insulator transition (MIT). 
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Fig.3.2 Temperature dependence of resistuvity for the sample (La^ xSn^ ) 2Mn207 
(x=0.1, 0.2 and 0.3) prepared using solid-state reaction route. 
We have fitted the low temperature resistivity data using the empirical relation 
P (T)= p 0+ CT^^+D/sinh^( hco /keT) as shown in Fig.3.3(a), Fig.3.3(b) and 
Fig.3.3(c) The estimated values of the parameters P o C D and ty obtained using 
these fits are tabulated in Table 3.5 .It is evident fi-om the Table 3.5 that the value 
of a decreases with the increase in Sn concentration. 
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Fig.3.3(a) Plot of p (fi-cm) vs T(K) of the resistivity data for the samples (Lao.9Sno.i) 
2Mn207.The bold line shows the calculated polynomial fit and circles 
show the experimental data. 
1 3 
E 
o 
d 
p ( T ) = p ^ + C T ' " + D / s i n h ' ( 3 0 6 / x ) 
p ( T ) = p + C T " + D / s i n h ' ( h o > / 2 i i * 2 k T ) 
hco /2 i t k = 3 0 6 ( 1 ) K 
1 00 120 140 
T ( K ) 
Fig.3.3(b) Plot of p (Q-cm) vs T(K) of the resistivity data for the samples (Lao.sSno.j) 
2 Mn207 The bold line shows the calculated polynomial fit and circles 
show the experimental data. 
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Fig.3.3(c) Plot of p (Q-cm) vs T(K) of the resistivity data for the samples (Lao.7Sno.3) 
2 MniO?). The bold line shows the calculated polynomial fit and circles 
show the experimental data. 
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Fig.(3.4) Merged plot of p (Q-cm) vs T(K) of the resistivity data for the samples 
(Lai-x Sn,) 2Mn207 (x=0.1, 0.2 and 0.3). The circles show the experimental 
data while the bold lines show the calculated polynomial fit. 
43 
Table 3.5 The parameters p „, C, D and co of the sample (Lai.xSnx)2 
Mn2O7(x=0.1,0.2 and 0.3) Obtained using fits through equation 
p(T) = po+C T^'^+D/Sinh^iho) s/lkeT) in the low temperature region. 
Cone. 
X=0.1 
X=0.2 
X=0.3 
p „(a-cm) 
0.99011 ±0.00275 
10.54481 ±0.00423 
14.235 ± 0 
CCQ-cmK-"') 
-1.2739x10"'°±0 
-1.0714x10'±1.3462x10" 
-1.0103x10"''±1.6567x10" 
D( fl-cm/K) 
20.73429 ±0.03304 
129.63067 ±1.23682 
127.46295 ±1.40696 
hcol 
2kB(K) 
315 
306 
300 
CO (Hertz) 
828.00x10" 
804.34x10'' 
788.57x10'' 
In order to calculate the hopping energy we have plotted the 
high temperature resist ivi ty data using small polaron hopping model 
between ln(p/T) versus. 1000/T [Fig.3.5(a) , Fig.3.5(b) and 
Fig.3.5(c)] and from the slope of the straight line curve , we have 
calculated the activation energy Eg as shown in Table 3.6. 
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Fig.(3.5 a) Plot of Inp (ii-cm)/T(K) Vs 1000/T(K) of the resistivity data for the 
samples (Lao.9Sno.i) 2Mn207 . The circles show the experimental data, 
while bold line shows the calculated linear fit using small polaron 
hopping model. 
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Fig.(3.5 b) Plot of Inp (Q-cni)/T(K) Vs 1000/T(K) of the resistivity data for the 
sample (LacgSno.z) 2Mn207 .The circles show the experimental data , 
while bold line shows the calculated linear fit using small polaron 
hopping model. 
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Fig.(3.5 c) Plot of Inp (n-cm)/T(K) Vs 1000/T(K) of the resistivity data for the 
sample (Lao.ySnoj) 2Mn207 .The circles show the experimental data , 
while bold line shows the calculated linear fit using small polaron 
hopping model. 
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Fig.3.6 Merged plot of high temperature resistivity data fitted by small polaron 
hopping model p/r=yC) oexp(Ea/kBT) for (Lai.xSnx)2Mn2O7(x=0.1, 0.2 and 
0.3) 
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Table3.6 The calculated values of activation energy of the sample (Laj.x 
Snx)2Mn2O7(x=0.1,0.2 and 0.3) fitted by equation /9/7' = /?oexp(Ea/kBT). 
Compositions 
(Lao9Snoi)2Mn207 
(Lao.gSno 2)2Mn207 
(Lao7Sno.3)2Mn207 
Ea(meV) 
158.7552 
160.3008 
166.22358 
From the Fig 3.4 it is clearly evident that the resistivity of these materials 
increases with increase in Sn concentration. It is clear from the Table 3.6 that with 
the increasing x, i.e., Sn concentration, the activation energy (Ea) increases. 
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CHAPTER 4 
CONCLUSIONS 
In this dissertation, we have studied the structural and transport properties 
of Sn doped La2Mn207. We have summarized our findings in this chapter. 
4.1 Structural Analysis 
XRD measurement at room temperature fitted with PowderX technique 
clearly shows that prepared samples are found to exist in single phase. The sample 
is fitted with orthorhombic symmetry. On doping with Sn at La site, the lattice 
parameters change considerably, but doped compound remain in the orthorhombic 
symmetry. The unit cell volume decreases with the Sn concentration. 
The samples (Lai-xSn^) 2Mn207 (x=0.1, 0.2 and 0.3) prepared using solid 
state reaction route show that the lattice parameter 'a' decreases (from 11.74A to 
11.20 A) with increase in Sn concentration. There is a slight increase (from 9.72 A 
to 9.77 A) in parameter 'b' on 20% Sn doping but further doping results in 
decrease (from 9.77 A to 9.11 A).The parameter 'c' decreases (from 10.64 A to 
10.35 A) with increase in Sn concentration. 
4.2 Transport Analysis 
We have measured the temperature dependence of the resistivity of the 
samples (Lai.xSn^) 2Mn207 (x=0.1, 0.2 and 0.3) prepared through solid state 
reaction route .All the samples exhibit metal insul;ator transition. Low temperature 
resistivity data is fitted by the empirical relation p (T)= p „+ 
CT "H-D/sinh (/jco/keT) Fig.3.3.Here p o is the residual resistivity, the second 
term arises from two-magnon scattering, and the third term is associated with 
small-polaron coherent motion which involves a relaxation due to a soft optical 
phonon mode. Such a soft mode is related to the tilt/rotation of the oxygen 
octahedra, and has a low frequency {tia/k^ T ~ 80 K). The estimated values of 
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the parameters Po, C, D and CD are tabulated in Table (3.5). It is evident from the 
Table 3.5 that the value of co decreases with the increase in Sn concentration. Our 
high temperature resistivity data fits well in accordance with the small polaron 
hopping (SPH) model. The activation energies on the basis of this fit are found to 
increase from 158.7552 meV to 166.22 meV with increase in Sn concentration for 
(La,.xSnx)2Mn2O7(x=0.1, 0.2 and 0.3). 
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